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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the copolymer containing sugar, and the support for gene delivery 

formed in a list from this copolymer. 

[0002] 

[Description of the Prior Art] 

In the gene therapy which attracts attention recently, a foreign gene is introduced into the cell 
taken out from a patient's inside of the body by the culture system, and after proliferating a 
transformed cell, the "Ex vivo transgenics method" which carries out replantatio to a patient is 
mainly enforced. In this case, since the cell which can be isolated from a patient is restricted, in 
many cases, the peripheral blood lymphocyte is used. However, to the cell used as a target 
change with the object diseases and use a somatic cell and the cell of an organ organization as a 
target especially, it is necessary to medicate a direct living body with the plasmid DNA which 
carries out the code of the foreign gene (In vivo transgenics method). 
[0003] 

In Examination is performed by many researchers, a vivo transgenics method introduces a gene 
efficiently in the living body, and development of the support for gene delivery which can secure 
safety is desired strongly. 
[0004] 

On the other hand, the adenovirus, the retrovirus, etc. are used in 85% or more of the gene 
therapy protocol approved by U.S. FDA (Annu.Rev.Microbiol, 49, 807, 1995). Although the 
transgenics effectiveness by the virus was very high and it was effective, danger, such as virus 
growth — the accident in which the immunoreaction to a virus is considered to be the cause in the 
gene therapy carried out in the U.S. happens ~ was pointed out. 
[0005] 

Therefore, using non-viral support, such as cationic liposome (Proc.Natl.Acad.Sci.USA, 84, 
7413, 1987) and a cation polymer (Proc.Natl.Acad.Sci.USA, 92, 7297, 1995, Bioconjugate 
Chem., 6, 7, 1995), as support for gene delivery has been examined. Specifically, straight chain- 
like poly cations, such as a diethylaminoethyl dextran (DEAE-dex) and poly-L-lysine (PLL), 
have been examined conventionally. 
[0006] 

Although the transgenics effectiveness of the poly cation is lower than liposome, when a 
medicine is directly prescribed for the patient in the living body compared with liposome, there 
are few inclinations accumulated on liver, and there is an advantage that control of a moving 



1 



state in the living body is comparatively easy. However, it was conventionally reported by one of 
the poly cations that the transgenics ability of the poly-L-lysine energetically examined as 
support for gene delivery is very low in recent years. 
[0007] 

[Problem(s) to be Solved by the Invention] 

This invention sets it as the main objects to offer the support for gene delivery formed in the 
sugar content copolymer which has new structure, and a list from this sugar content copolymer. 
[0008] 

[Means for Solving the Problem] 

this invention person came to complete a header and this invention for the support formed from 
the sugar content copolymer which has specific structure doing the outstanding effectiveness so, 
as a result of inquiring wholeheartedly about the high molecular compound which can perform 
transgenics efficiently [ in-the-living-body moving state control is easy, and ] by water solubility. 
[0009] 

That is, this invention relates to the following matters. 
[0010] 

Term 1 : The sugar content copolymer whose weight average molecular weight it has the repeat 
unit expressed with the following general formula (I) and (II), and the mole fraction of (I) and 
(II) is 1:9-9:1, and is 1x104 to 5x108. 
General formula (I) : 
[0011] 
Formula 3] 




[0012] 

(n shows 1-10 among a formula.) 
General formula (II) : 
[0013] 
[Formula 4] 
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[0014] 

(S(OH) q-1 shows among a formula the sugar residue excluding one hydroxyl group from the 
sugar compound which consists of q hydroxyl groups combined with the sugar frame S and it, 
and m shows 2-10.) 

A sugar content copolymer given in the term 1 whose mole fraction of term 2: (I) and (II) is 2:8- 

3:7. 

[0015] 

Term 3: A sugar content copolymer given in the term 1 or either of 2 whose weight average 

molecular weight is 5x106 to 2x107. 

[0016] 

Term 4: A sugar content copolymer given in the term 1 thru/or either of 3 whose n in a general 

formula (I) is 3 and whose m in a general formula (II) is 4. 

[0017] 

Term 5: Support for gene delivery formed in a term 1 thru/or either of 4 from the sugar content 

copolymer of a publication. 

[0018] 

[Embodiment of the Invention] 

Hereafter, this invention is explained concretely. 

[0019] 

Sugar content copolymer 

The sugar content copolymer of this invention has the repeat unit expressed with a general 

formula (I) and (II). 

General formula (I) : 

[0020] 

[Formula 5] 
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a 



[0021] 

(n shows 1-10 among a formula.) 
General formula (II) : 
;0022] 
Formula 6] 




[0023] 

(S(OH) q-1 shows among a formula the sugar residue excluding one hydroxyl group from the 
sugar compound which consists of q hydroxyl groups combined with the sugar frame S and it, 
and m shows 2-10.) 

The general formula (I) and the mole fraction of (II) in a sugar content copolymer are 1 :9 to 
about 9:1, and they are used according to the object, adjusting them suitably. 
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[0024] 

Especially, that a general formula (I) and whose mole fraction of (II) are 2:8 to about 3:7 tends to 
form DNA and complex, and is desirable at the point that gene expression effectiveness is high. 
[0025] 

n in a general formula (I) can be suitably set up for the purpose of 1-10, and m in a general 
formula (II) obtaining the copolymer which shows 2-10 and has a desired property. 
[0026] 

The sugar content copolymer whose n especially in a general formula (I) is 3 and whose m in a 
general formula (II) is 4 is desirable in the point that the compatibility to the cell of sugar 
increases at the time of the incorporation by the ease of carrying out and cell of complex 
formation with a gene. 
[0027] 

The molecular weight of a sugar content copolymer is usually about 1x104 to 5x108 in weight 
average molecular weight. Especially, what is about 5x106 to 2x107 is desirable at the point that 
gene expression effectiveness is high. 
[0028] 

The manufacture approach of a sugar content copolymer 

The sugar content copolymer of this invention can be obtained by carrying out the 
polymerization of the cationic monomer expressed with a general formula (III), and the sugar 
content monomer expressed with a general formula (IV). 
General formula (III) : 
0029] 
Formula 7] 




[0030] 

(n shows 1-10 among a formula.) 
General formula (IV) : 
[0031] 
[Formula 8] 
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[0032] 

(S(OH) q-1 shows among a formula the sugar residue excluding one hydroxyl group from the 
sugar compound which consists of q hydroxyl groups combined with the sugar frame S and it, 
and m shows 2-10.) 

Although the value of n in the cationic monomer expressed with a general formula (III) can be 
suitably set up according to the object, its dimethylaminopropyl acrylamide which is n= 3 is 
especially desirable from the point of the ease of manufacturing etc. 
[0033] 

Moreover, although the value of m in the sugar content monomer expressed with a general 
formula (IV) can also be suitably set up according to the object, the vinyl adipate which is 
especially m= 4 is suitable in terms of stability, the ease of compounding, etc. 
[0034] 

Moreover, as a sugar compound which has the sugar frame S in a general formula (IV), natural 
sugar, synthetic sugar, etc. of monosaccharides, such as a glucose, a fructose, a mannose, a 
galactose, a sucrose, a maltose, starch, and a cellulose, small sugar, a polysaccharide, and a 
polysaccharide, such as a hydrolysis product, are mentioned, for example. Among these, a 
glucose is desirable in respect of the ease of manufacturing etc. 
[0035] 

As an approach of carrying out the polymerization of the cationic monomer expressed with a 
general formula (III), and the sugar content monomer expressed with a general formula (IV), a 
radical polymerization etc. is mentioned, for example. 
[0036] 

Moreover, as a polymerization initiator, the usual radical polymerization initiator can be used, 
for example, azo system initiators, organic peroxide, etc., such as azo isobutyl nitril 
(azobisuisobutironitoriru), can be used. 
[0037] 

Support for gene delivery 

The sugar content copolymer of this invention can be suitably used as support for gene delivery. 
[0038] 
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In gene delivery, according to an electrostatic operation, the sugar content copolymer used as 
support condenses a gene, and forms complex. This complex will be incorporated by endocytosis 
at a cell and a gene will be sent to intracellular. 
[0039] 

Since it contains the residue which has the repeat unit expressed with a general formula (I), and 
has positive charge by physiological pH within the limits, according to an electrostatic operation, 
the sugar content copolymer of this invention condenses molecules, such as DNA, is more 
efficient and can introduce a gene. 
[0040] 

Moreover, since the copolymer of this invention has the repeat unit expressed with a general 
formula (II) and contains the sugar frame and the non-charge hydrophilic group, water solubility 
and its biodegradability improve and in-the-living-body moving state control is easier for it. 
[0041] 

Higher gene expression effectiveness becomes possible by considering as the copolymer which 

has (I) and (II) by mole fraction 2:8-3:7 especially. 

[0042] 

Although it will not be restricted as a gene carried by support especially if it is DNA or RNA, as 
an example, a gene, an antisense DNA, etc. which carry out the code of the specific protein are 
mentioned. 
[0043] 

moreover, the ratio of the sugar content copolymer in complex, and a gene — the mol of the 
cation radical of a sugar content copolymer ~ the mol of DNA of a number (C), or the 
phosphoric-acid radical of RNA - the ratio (this is hereafter called C/A ratio) to a number (A) - 
expressing ~ usually - it is ten or more still more preferably five or more preferably 2.5 or more. 
Manifestation effectiveness becomes high, so that a C/A ratio becomes large. 
[0044] 

Especially the approach of forming the complex of a sugar content copolymer and a gene can be 

suitably adjusted by mixing the solution which is not limited, for example, contains a gene, and 

the solution containing a sugar content copolymer. 

[0045] 

[Example] 

Hereafter, although this invention is explained still more concretely using an example and the 

example of a comparison, this invention is not limited to these. 

[0046] 

Examples 1-4: Creation of a sugar content copolymer 

Dimethylaminopropyl acrylamide (DMAPAA:Dimethylaminopropyl acrylamide) and 6-vinyl 
horse mackerel POIRU glucose (GVA : 6-vinyladipoyl glucose) were used by the preparation 
ratio shown in a table 1. Dimethyl sulfoxide (DMSO:Dimethyl sulfoxide) was used as a solvent, 
azobisisobutyronitril (azobisuisobutiroriitoriru:Azobisisobutyronitrile) was used as a 
polymerization initiator, and the polymerization was carried out with the reaction temperature of 
60 degrees C for bottom 4 hours of a vacuum. 
[0047] 

The yield of the obtained sugar content copolymer, weight average molecular weight, and the 
copolymerization presentation ratio for which it asked by NMR measurement are shown in a 
table 1 . In addition, GPC / RID detector (made in Shimazu) was used as a detector, alpha-M 
(TOSOH) was used for it as a column, and the mean molecular weight computed it with pullulan 
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conversion molecular weight. 
[0048] 
A table 1] 




[0049] 

Example 5: Preparation of sugar content copolymer-DNA complex 
Plasmid pCMV-Luc was used as DNA. 2.4mg of sugar content copolymers created in the 
example 2 was dissolved in the D-MEM culture medium of lOOOmicrol, and the stock solution 
was produced, mixing Smicro of this stock solution 1, and 45micro (pCMV-Luc being contained 
100 ng) of pCMV-Luc solutions 1 a C/A ratio ~ it was referred to as =50. Phase dilution of the 
stock solution was carried out, and the sample solution (C/A ratio = 0.5, 1.0, 3.0, 5.0, 10.0) from 
which a C/A ratio differs was prepared by mixing with the pCMV-Luc solution of this 
concentration. 

About the sample of a different C/A ratio, luciferase gene pCMV-Luc was mixed and 

electrophoresis was performed. A result is shown in drawing 1 . 

[0050] 

Consequently, the C/A ratio of a sugar content copolymer and DNA was larger than 3, the band 
became one, and it has checked that the complex of the sugar content copolymer of this 
invention and DNA was formed. 
[0051] 

Example 6: Assessment of transgenics 

1x104 cells/well seeding of the COS-1 cell was carried out to each well of a 96 hole multi-plate, 
and phosphoric-acid buffer solution (PBS) removed supernatant liquid after washing 24 hours 
after. D-MEM 50microl of blood serum non-** which adds independently 50micro [ of complex 
solutions ] 1/well created in the above-mentioned example 5 to each well by various C/A ratios, 
and contains the chloroquine of 200microM in it further — it added. After cultivating under 37- 
degree-C5%C02 conditions for 12 hours, it washed by PBS, and exchanged for the D-MEM 
culture medium (lOOmicrol / well) containing 10% of blood serum, and culture was continued 
for further 40 hours. The cell was processed for 30 minutes by Triton X-100 of SOmicrol after 
PBS washing, the cell was dissolved, the part (20microl) was sampled, and it mixed with the 
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luminescence substrate liquid of lOOmicrol. Gene expression effectiveness was measured by 
carrying out the quantum of the luminescence reinforcement of each well with LUMI- 
COUNTER. 
[0052] 

A measurement result is shown in drawing 2 - drawing 3 . 
[0053] 

Drawing 2 shows the measurement result of gene expression effectiveness in luciferase activity. 
Moreover, drawing 3 shows the measurement result of gene expression effectiveness in the 
luciferase activity per protein. 
[0054] 

As shown in drawing 2 - drawing 3 , naturally activity was not seen only in DNA and a cell. 
Moreover, it had the amino group which carried out electrification to the end as an example of a 
comparison, and when the difference in manifestation effectiveness was investigated using the 
polymer (SuperfectTM, a C/A ratio = 5.0 and QIAGEN) which does not contain sugar, it was 
checked that the complex using the sugar content copolymer of this invention has higher gene 
expression effectiveness compared with SuperfectTM. Moreover, it was checked that 
manifestation effectiveness becomes high, so that the C/A ratio became large. 
[0055] 

[Effect of the Invention] 

As shown in the result mentioned above, the support for gene delivery formed from the sugar 
content copolymer of this invention shows higher gene expression effectiveness compared with 
the conventional support for gene delivery. Moreover, biodegradability and water solubility of 
the copolymer of this invention are improving, and in-the-living-body moving state control is 
easy for it, and can use it more useful in the macromolecule field or the medicine field. 
[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is drawing showing the agarose gel (0.8%) electrophoresis of the 
complex of the sugar content copolymer which consists of various C/A ratios, and gene pCMV- 
Luc. 

[Drawing 2] Drawing 2 is drawing which introduced the gene to COS-1 cell and measured gene 
expression effectiveness (when luciferase activity shows). 

[Drawing 31 Drawing 3 is drawing which introduced the gene to COS-1 cell and measured gene 
expression effectiveness (when the luciferase activity per protein shows). 



CLAIMS 



[Claim(s)] 
[Claim 1] 

The sugar content copolymer whose weight average molecular weight it has the repeat unit 
expressed with the following general formula (I) and (II), and the mole fraction of (I) and (II) is 
1:9-9:1, and is 1x104 to 5x108. 
General formula (I) : 
[Formula 1] 
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(n shows 1-10 among a formula.) 
General formula (II) : 
[Formula 2] 



(S(OH) q-1 shows among a formula the sugar residue excluding one hydroxyl group from the 
sugar compound which consists of q hydroxyl groups combined with the sugar frame S and it, 
and m shows 2-10.) 
[Claim 2] 

The sugar content copolymer according to claim 1 whose mole fraction of (I) and (II) is 2:8-3:7. 
[Claim 3] 

A sugar content copolymer given in claim 1 or either of 2 whose weight average molecular 
weight is 5x106 to 2x107. 
[Claim 4] 

The sugar content copolymer according to claim 1 to 3 whose n in a general formula (I) is 3 and 
whose m in a general formula (II) is 4. 
[Claim 5] 

Support for gene delivery formed from a sugar content copolymer according to claim 1 to 4. 
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